The role of selenium-dependent and selenium-independent glutathione peroxidases in the formation of prostaglandin F2 alpha.
In recent years, growing evidence suggests that glutathione peroxidases (GSH-Pxs), both selenium-dependent GSH-Px (Se-GSH-Px) and selenium-independent GSH-Px (non-Se-GSH-Px) play an important role in the biosynthesis of prostaglandins and leukotrienes and in the regulation of key enzymes associated with the arachidonic acid cascade. The precise nature of their involvement in eicosanoid metabolism, however, is not yet completely understood. In the study reported here, we have systematically determined the catalytic efficiencies of Se-GSH-Px and non-Se-GSH-Px toward prostaglandin (PG) G2 (PGG2) and PGH2. Se-GSH-Px exhibited high catalytic activity for the reduction of PGG2 as indicated by Km and Vmax values of 12 microM and 78 mumol/min/mg, respectively, whereas PGH2 was found to be a poor substrate, an indication that Se-GSH-Px reduces the hydroperoxide moiety but not the endoperoxide moiety of PGG2. The kinetic constants of Se-GSH-Px toward PGG2 were comparable to those determined for such classical substrates as H2O2 and cumene hydroperoxide. In contrast to Se-GSH-Px, non-Se-GSH-Px associated with cationic isozyme II of glutathione S-transferases (GSTs) from sheep lung cytosol was very active in the conversion of PGH2 to PGF2 alpha with a Vmax of 960 nmol/min/mg and a Km of 77 microM. This study shows that PGF2 alpha formation by non-Se-GSH-Px occurred in a GSH-dependent reduction of either PGG2 or PGH2. When PGG2 was used as the substrate for non-Se-GSH-Px, a novel intermediate compound appeared and was later identified by several methods of structural analysis as 15-hydroperoxy PGF2 alpha. Thus, the reductive cleavage of the endoperoxide occurs faster than the 15-hydroperoxide reduction allowing 15-hydroperoxy PGF2 alpha to accumulate briefly. A study of GSTs from several different tissues and species indicated that the transformation of PG endoperoxides to PGF2 alpha is catalyzed specifically by GST isozymes, which contain Ya size subunits. This specificity of GST isozymes in PG biosynthesis, coupled with their tissue-specific expression, may be a mechanism by which the body modulates the type of PGs produced in these tissues. Also, these results suggest a possible interaction of Se-GSH-Px and non-Se-GSH-Px in the biosynthesis of PGF2 alpha.